Highly preorganized catalyst/substrate architecture used in our previous studies Figure S1 . Highly preorganized catalyst/substrate architecture for DNA-catalyzed peptide side chain reactivity, as used in our previous studies (1, 2) . (A) Formation of paired region P4 enforces a "three-helix junction" (3HJ) (3, 4) in which the nucleophile (X) and electrophile (ppp) are spatially juxtaposed. Note that X must be covalently connected twice to DNA (i.e., DNA-peptide-DNA connectivity) in order to maintain the integrity of the preorganization. Therefore, replacement of X with a free peptide that is entirely untethered to DNA will not allow formation of the 3HJ, and the overall approach inherently cannot be used to achieve covalent modification of free peptides. (B) In sharp contrast, the open architecture used for the first time in the current study (see also Figure 2 ) is amenable to catalytic function with a free peptide, because the tether that is attached to the peptide may be dispensable.
Characterization of the tripeptide substrates CYA, CSA, and CAA Figure 6 ). Each deoxyribozyme was analyzed with the three illustrated substrates to assess potential improvement in activity relative to 15MZ36. In the reselection experiment that led to these deoxyribozymes, the partially (25%) randomized pool derived from the 15MZ36 sequence was selected with the DNA-C 3 -CSA substrate with 15 h incubation for three rounds and 1 h incubation for three more rounds, at which point the pool ligation yield was 13%, and cloning was performed. Figure S7 . Kinetic data for 15NZ deoxyribozymes (compare with Figure 6 ). Each deoxyribozyme was analyzed with the three illustrated substrates to assess potential improvement in activity relative to 15MZ36. In the selection experiment that led to these deoxyribozymes, the round 11 pool from the selection with the DNA-TEG-OH substrate (2 h incubation) was then continued for two rounds with the DNA-C 3 -CYA substrate (2 h incubation) and two more rounds with DNA-C 3 -CYA (10 min incubation), at which point the pool ligation yield was 30%, and cloning was performed.
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Assays for 15NZ deoxyribozymes
Dependence of 15MZ36 free peptide substrate reactivity on 3-terminal composition of deoxyribozyme Table S1 . MALDI mass spectrometry analyses of key deoxyribozyme products and their DTT and RNase T1 digestions. See Figure 7 for a depiction of the digestion reactions. All MALDI mass spectra were obtained in the mass spectrometry laboratory of the UIUC School of Chemical Sciences. See the Experimental Procedures for reaction details. a Calculated masses are for [M-H] -, because the mass spectra were obtained in negative ion mode except as indicated. b "L product" refers to the left-hand product (DNA anchor oligonucleotide + tethered thiol) and "R product" refers to the right-hand product (tripeptide + RNA), as shown in Figure 7 . c When the substrate is a free tripeptide, DTT digestion leads only to the tripeptide-RNA product as detectable by mass spectrometry. d Mass spectrum obtained in positive ion mode, [M+H] + .
Mfold-predicted secondary structures of new deoxyribozymes Figure S9 . Predicted secondary structures of the 10KC3 and 15MZ36 deoxyribozymes, as computed using mfold (5) . Only the catalytic region sequences are shown. For 10KC3, the three predicted structures are all of modest folding energy (-3.0 to -2.6 kcal/mol), and the predicted stem-loop element(s) are located in different places in each structure. For 15MZ36, the two predicted structures are of essentially negligible folding energy (each -0.4 kcal/mol), and again the stem-loop elements are in different places. Experimentally distinguishing and validating such secondary structures would require considerable work, and such findings would not immediately clarify either tertiary structure or catalytic mechanism.
